Laboratories, U.S.A. (NRRL) and American Type Culture Collection (ATCC). The others were isolated from soil samples from various districts around the world.
"Asp -Gp-shifted" Isolation Procedure
The enrichment isolation of Asp-Gp bacteria was performed by the following process. About 0.5 g of fresh soil sample was suspended in 5 ml of sterile saline containing 0.01 % w/v MgSO4 -7H.0 and stirred vigorously with 2. 3 glass beads (about 4 mm in diameter) by a Micro Thermo-Mixer (Model TM-101, Thermonics Co., Ltd., Tokyo) for 1 minute at room temperature. Next, the suspension was placed in a vacuum desiccator for about 30 minutes in order to eliminate air from the mixture. The vacuum-treated sample was then diluted serially to 10-2-10-5 and 0.5 ml of each dilution was plated into 15 nil of Gly-IM agar medium which contained 5 pig/ml of colistin, 10 ug/ml of nalidixic acid and 30 pig/ml of cycloheximide. The inoculated agar plates were incubated at 28°C for 1 to 30 days in a moist chamber, and the resulting colonies were isolated. Most Asp-Gp bacteria formed detectable colonies during one week incubation but some strains, including saprophytic strains of Mycobacterium, required prolonged incubation. All antibiotics used were sterilized by filtration. Gly-IM agar medium has the following composition: 0.5 % glycerol, 0.25 % Polypeptone (Daigo Eiyo Co., Ltd., Osaka), 0.25 beef extract (Kyokuto Co., Ltd., Tokyo), 0.25 % yeast extract (Difco), 0.25 % Bactosoytone (Difco), 0.3 o o' NaCl and 1.25 % Bacto-agar (Difco), pH 6.8.
Results
Sensitivity Tests of Various Gram-positive and Negative Bacteria to Nalidixic Acid and Colistin
As shown in Table 1 , sixty-three strains of Gram-positive and negative bacteria, which included the genera Pseudomonas, Bacillus, Streptomyces and Micromonospora as well as enterobacteria and AspGp bacteria, were tested for their sensitivities to nalidixic acid and colistin by agar dilution method.
In general, Asp-Gp bacteria, Pseudomonas, Microinonospora and Streptomyces strains were insensitive to 10 and 50 pig/ml of nalidixic acid. In contrast, enterobacteria and Bacillus strains tested were sensitive to 50 pig/ml of nalidixic acid and, with the exception of B. sphaericus ATCC 7055 and Proteus mirabilis OM-8, to 10 pig/ml of the antibiotic. These results indicate that the addition of 10 ug/ml of nalidixic acid to the isolation medium will reduce colonization by both Bacillus and enterobacteria to acceptable levels.
Most of Pseudomonas strains tested were susceptible to 5 and 25 pig/ml of colistin except for Pseudomonas ribc flavinus IFO 3140, Pse udomonas fluorescens IFO 3507, and Pseudomonas pyrrocinica ATCC 15958.26) All enterobacteria tested were also sensitive to both 5 and 25 pig/ml of colistin with one exception, Proteus vulgaris YO-5 which is resistant to both concentrations of the antibiotic. On the other hand, Asp-Gp bacteria were sensitive in general to 25 peg/ml of colistin but all were insensitive to 5 pig/ml. This sensitivity-difference was used to obtain Asp-Gp bacteria.
In general, Bacillus and Streptomyces were insensitive to 5 ug/nil of colistin but some of them were sensitive to 25 pig/ml of the antibiotic. All Micromonospora strains were sensitive against 25 pig/ml of colistin but not all to 5 pg/ml.
From the above results, it appeared that Asp-Gp bacteria could be preferentially isolated by adding 5 pig/ml of colistin in combination with more than 10 pg/ml of nalidixic acid to the isolation medium.
Optimum Concentrations of Nalidixic Acid and Colistin
Using 18 strains of typical Gram-positive and negative bacteria (see Table 2 ), the optimum concentrations of nalidixic acid and colistin needed to isolate Asp-Gp bacteria and minimize the number VOL. XXXV NO. 4 THE JOURNAL OF ANTIBIOTICS of other bacteria from soil samples were determined. Growth was measured by replicate plating using two antibiotic mixtures: Mixture A; colistin 5 pig/ml, nalidixic acid 10 jig/ml and cycloheximide 30 ug/ ml. Mixture B; colistin 10 ug/ml, nalidixic acid 20 jag/ml and cycloheximide 30 ug/ml. As controls, an antibiotic-free agar medium (D) and a cycloheximide (30 pg/ml) containing agar medium (C) were also tested. The experimental conditions and the results of these tests are shown in Table 2 .
Both of the test mixtures were effective in enriching for Asp-Gp bacteria over other Gram-positive and negative bacteria. The addition of 30 jig/ml of cycloheximide to the agar medium had no effect or bacterial growth; however, it was essential to prevent fungal contamination.27) The Mixture B (colistir 10 ug/ml, nalidixic acid 20 ug/ml) was more selective than the Mixture A (colistin 5 ug/ml and nalidixic Test conditions and results are shown in Table 3 . From these results, it is clear that the Mixture A is useful in isolating an Asp-Gp bacterium from samples containing about 5 to 500-fold more Gram-positive and negative contaminants.
Trial Isolation of Asp-Gp Bacteria from 3 Soil Samples
A trial isolation was done for Asp-Gp bacteria from 3 soil samples collected from Osaka district. The Mixture A (see Table 2 ) was used for the isolation. The isolated strains were tentatively classified as described in Table 4 by Gram-staining, morphology at early and late stage, cell size, color of colony, and acid formation from glucose. The details of this trial and the results are shown in Table 4. A total of 63 different colonies were isolated from the 3 soil samples. Of these, 16 strains were found to be contaminants (9 strains of Streptomyces and 7 strains of Gram-negative bacteria) while the remaining 47 strains were Asp-Gp bacteria. The 47 strains were grouped into 3 major groups, i.e., Arthrobacter type, Corynebacterium type and Micrococcus type (see Table 4 ). These groups were subdivided into 3, 19 and 4 groups, respectively by tentative taxonomic checking. This means at least 26 kinds of Asp-Gp bacteria were obtained from 3 soil samples by the isolation method. From the same soil samples, only several kinds of the Asp-Gp bacteria were isolated by the standard dilution-plate method. This method proved to be more effective than the standard method for Asp-Gp bacteria isolation.
Discussion
Three different types of isolation methods have been used to isolate selected groups of bacteria from natural sources. The first type of isolation depends on the physical separation of the desired group of bacteria from other contaminants before plating. GLEDHILL and CASIDA26,29) and SUTHERLAND30~32) enriched catalase-negative soil bacteria, which included Agromyces ramosus and microcyst-forming bacteria such as Myxobacteria and Sporocytophaga, by ultrasonication of the source samples. HALL, HOGG and PHILLIPS33) separated Salmonella typhimurium and E. coli strains by gradient elution from a DEAEcellulose column, and FORSHAW34) separated Mycoplasma strains by electrophoresis. LACEY and DUT-VIEWICZ35) enriched Streptomyces in moldy hay by use of a sedimentation chamber, and TRESNER and HAYES36) used a replicate printing using polyurethane foam to isolate varieties of microorganisms from soil samples. This type of isolation, is however, difficult for soil bacteria because the bacteria adsorbed tightly onto soil particles. 30~32)
The second type of isolation is to colonize a particular group of bacteria under controlled conditions for their growth, i.e. nutrients, temperature, oxygen and pH. Selective isolation of Azotobacter, Rluzobium, and halophilic or sulfur bacteria) depends on this type of isolation. Many techniques of this type have been reported for various kinds of bacteria.1,10)
The third type of isolation is the use of inhibitors to depress the growth of other contaminating bacteria. This type of isolation is the most popular and widely used technique for the selective isolation of a group of bacteria. Various chemicals and antibiotics have been used for this purpose. SANDS and RovrRA11) isolated fluorescent Pseudomonads by using novobiocin, penicillin and cycloheximide, while VOL. XXXV NO. 4 THE JOURNAL OF ANTIBIOTICS Morphological checks of each strains were done after incubation at 28°C for 14 -18 hours, 36 -48 hours, 86-96 hours and 158-170 hours. "Early" means after 14-18 hours and "Late", the results after 2 to 7 days of incubation. Cell width (in ftm) was measured at 1 to 2 days of incubation. b)Gram-staining of each strains was done at the same time of incubation as the morphological observation .
Gp; Gram-positive and Gn; Gram-negative. c) Color of colony was determined at 2-3 days of incubation.
d) Acid formation from glucose was tested by the following agar medium at 28°C for I to 7 days: 1.0% glucose, 0.5 % peptone, 0.3 % yeast extract, 0.5 % NaCI, 0.0008 % bromcresol purple, 1.25 % agar, pH 7.0. e) Strain number from soil A, B and C.
ORCHARD and GOODFELLOW22' enriched Nocardia in soil samples by using chlortetracycline, cycloheximide and nystatin. PARK, RAYMAN and STANKIEWICZ14) separated Shigella in the presence of E. coli by the use of 4-chloro-2-cyclopentyl-O-galactopyranoside.
For Asp-Gp bacteria, MILLER and NEVILLE25) reported recently a medium which was satisfactory for selective isolation of Arthrobacter spp. from a variety of soils. This isolation technique has made possible the isolation of Asp-Gp bacteria for antibiotic screening as efficient as the isolation of Streptomyces, Micromonospora, Pseudomonas, and Bacillus. Nalidixic acid at 10 to 20 tcg/ml concentrations was used in combination with 5 to 10 tog/ml of colistin in this isolation. It has been known that nalidixic acid is effective against enteric bacteria37 but its broad activity against Bacillus species has not been reported previously.
A hygromycin and epihygromycin producer, Corynebacteriutn equi No. 2841,8) was isolated from among 3,900 isolates of Asp-Gp bacteria by this procedure.
